An efficient technique to simulate turbulent particle-laden flow at high mass loadings within the four-way coupled simulation regime is presented. The technique implements large-eddy simulation, discrete particle simulation, a deterministic treatment of inter-particle collisions and an energy-balanced particle agglomeration model. The algorithm to detect inter-particle collisions is such that the computational costs scale linearly with the number of particles present in the computational domain.
costs scale linearly with the number of particles present in the computational domain.
On detection of a collision, particle agglomeration is tested based on the pre-collision kinetic energy, restitution coefficient and the van der Waals' interactions. The performance of the technique developed is tested by performing parametric studies on the influence of the restitution coefficient ( are more frequent and efficient in forming agglomerates than those of coarser particles.
The particle-particle interaction events show a strong dependency on the shear
Reynolds number Re , while increasing the particle concentration effectively enhances particle collision and agglomeration whilst having only a minor influence on the agglomeration rate. Overall, the sensitivity of the particle-particle interaction events to the selected simulation parameters is found to influence the population and distribution of the primary particles and agglomerates formed.
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Large-eddy simulation, discrete particle simulation, hard-sphere collision, agglomeration, turbulent flow, particle-particle interactions, van der Waals' interaction I. INTRODUCTION Of particular interest in this work are the turbulent liquid-solid suspensions encountered in nuclear waste sludge transport and separation processes, where high mass loading is desirable to minimise waste volumes, as well as in many other engineering processes. High particle concentrations with volume fractions over a tenth of a percent result in particle-particle collisions becoming an important physical mechanism 1 in addition to the strong hydrodynamic interactions between the particles and the fluid, although only a fraction of the collisions lead to agglomeration, known as the collision efficiency or agglomeration rate 2, 3 . In the reverse process, agglomerates can also be broken-up into smaller particles due to agglomerate-agglomerate or primary particleagglomerate collisions, through impact with a wall or due to hydrodynamic shear forces in the flow 4, 5 . In physical space, the agglomeration and break-up processes occur concurrently. Since breakup is a secondary process succeeding the earlier agglomeration process, the rate of break-up will depend on the population and structural dimension of agglomerates in the system. Hence, the balance between agglomeration and break-up events controls the instantaneous particle size distribution.
It is therefore important to understand the underlying physics of particle interactions encountered in systems and equipment processing fluids populated with cohesive particles and for which, in many situations, agglomeration represents an operational problem.
Undertaking studies on the hydrodynamic transport of suspended particles, taking into account their physicochemical behaviour using physical modelling of particle interactions in turbulence, is a difficult task, even with current technologies. One of the challenges with physical modelling of particle-particle interactions (collision and agglomeration events) is in the difficulties encountered in undertaking well-controlled experiments where individual effects can be isolated from others and investigated in detail. The alternative to physical modelling is the use of computational fluid dynamic (CFD) approaches, which require accurate treatment of the carrier and dispersed phases as well as interphase interactions.
Particle agglomeration is affected by the interplay between two physically independent processes, manifested in two distinct steps 6 : the transport step, governed by the hydrodynamic transport of particles and the attachment step, where inter-particle collisions and physicochemical interactions between two bodies result in the colliding particles either sticking together or bouncing off one another 7, 8 . These steps leading to agglomeration have long been used in the framework of fouling studies. However, the transport and attachment steps occur at different scales (time and space) and have often been studied separately by researchers with interests in fluid mechanics, hydrodynamics, and the surface and interface sciences.
Two main approaches exist for treating particle-laden turbulent flows, namely the Eulerian-Eulerian approach where both the carrier phase and the dispersed phase are computed in an Eulerian framework, and the Eulerian-Lagrangian approach in which the carrier phase is again calculated on an Eulerian basis and the dispersed phase is treated as Lagrangian markers 9 .
Here, an Eulerian-Lagrangian approach is adopted because it gives detailed information about every particle's position, force and velocity, and since this method allows more flexibility in treating particle agglomeration and agglomerate break-up in a turbulent flow. The carrier phase is predicted by the use of numerical resolution of only the largest and most energetic turbulent eddies, with subgrid scale modelling of the small scales, i.e. using large-eddy simulation (LES). The motion of the dispersed phase is computed using a discrete particle simulation taking into account all the significant hydrodynamic forces acting on a particle. When particles are in close proximity, they may collide and subsequently agglomerate.
There are two common approaches to simulating inter-particle collision: timedriven simulation (also known as the soft-sphere model or discrete element method) 10 and event-driven simulation (also known as the hard-sphere model) [11] [12] [13] [14] [15] . Besides the soft-and hard-sphere collision models, a stochastic collision detection model has also been developed and extensively applied by Sommerfeld and coworkers 2, 16 . This paper adopts the hard-sphere collision model, which has been applied in the simulation of two-and three-phase channel and pipe flows [12] [13] [14] [15] , to treat the hydrodynamic transport of particles. Predicting particle agglomeration is achieved by extending the hard-sphere model to handle cohesion. Three common extensions and their variants exist for treating the attachment step 17 : the energy-based agglomeration model 2, [18] [19] [20] , the momentum-based model 3, 14, [20] [21] [22] , and the energy barrier approach based on DLVO ).
We have adopted the energy-balance agglomeration model which has been successfully applied by Sommerfeld and coworkers 2, 16 . There is also insufficient literature on the effect of various physical and flow properties of the fluid and particles in simulations of particle transport and interactions in turbulent flow. The work described in this paper is, therefore, intended to extend the current literature 2, 3, 20, 21 on the sensitivity of particle-particle interactions to both particle physical properties and flow properties, and specifically, covers values of the latter not considered previously. The present work is undertaken using high-resolution large-eddy simulations and a hard-sphere, energy-based agglomeration model in a
Lagrangian framework using a four-way coupled approach. The simulations are performed in a turbulent channel flow at varying shear Reynolds numbers and at a particle volume fraction that ensures four-way coupling between the fluid and the dispersed phase.
The paper is organised as follows. In Section II, we describe the predictive approaches used in this work covering simulation of the continuous and dispersed phases, together with the methods employed to handle particle-particle interactions and cohesion, and their coupling. In Section III, relevant results obtained in our simulations are given and discussed. Finally, the main findings are summarised and conclusions are drawn in Section IV. . The size of the channel domain, the number of grid points used and the filter widths employed are summarised in Table 1, together with similar values for the direct numerical simulations (DNS) used for validation. Periodic boundary conditions are imposed along the homogeneous directions, i.e. the spanwise (y-axis) and streamwise (z-axis), and no-slip conditions are used at the walls. 31 are also provided for reference. 28, 35 .
BOFFIN solves the space-filtered mass and momentum conservation equations for an incompressible fluid, with the contributions of the dispersed phase being regarded as point sources of momentum:
is the filtered strain-rate tensor,
is the sub-grid scale (SGS) tensor which represents the effect of the SGS motions on the resolved motions, t is time, j x is the spatial coordinate directions, j u is the velocity vector, p is the pressure, and is the density. The SGS tensor is computed using the dynamic version of the Smagorinsky model proposed by Piomelli and Liu
36
, with its detailed implementation presented in a recent paper 35 . The filter width is taken as the cube root of the local grid cell volume, 
where p n is the number of particles present in a particular cell volume and p m is the mass of each particle in the cell.
B. Dispersed Phase
The motion of a particle in an LES-predicted turbulent flow field can be viewed as a random process, with its position determined by a deterministic part, evaluated in terms 
where a boldfaced type denotes a matrix-vector and the terms on the right-hand side of Eq. (4) are, respectively, contributions from the drag, shear lift, pressure-gradient and added mass forces, and the SGS fluid velocity fluctuations 28 . Gravity and buoyancy forces were not included as the focus was limited to turbulence effects on agglomeration events. The history force term was also neglected in the force balance for particle motion due to its arguably weak effect when compared to the drag force term 37 , and in addition due to difficulties in its implementation and computational cost. .The time derivative
is the fluid acceleration as observed at the instantaneous particle position. , where i is a random vector sampled with zero mean and a variance of unity, determined independently for each time step. The interaction between particles and the fluid phase turbulence is taken into account by the time scale The effect of particle rotation and the corresponding lift force due to such rotation can be predicted by solving for the angular velocity of the particles and modelling the torque exerted on them through correlations similar to the drag laws. Although neglected in the present work, this could potentially impact on the particle volume fraction field and inter-particle collisions. However, without these rotational effects, the pointwise formulation of particle transport employed predicts the particle evolution in qualitative agreement with approaches accounting for particle rotation. The neglect of such rotation at this stage of development would, therefore, appear warranted, although it will be considered in future work.
C. Particle-Particle Interactions
The particle-particle interactions involve inter-particle collisions and the agglomeration of collided particles.
Deterministic Collision Algorithm
The deterministic hard sphere collision model was implemented subject to some assumptions:
o Particles and agglomerates are modelled as spheres, and interaction between the particles is due to binary collisions.
o Collision is frictionless and particle angular momentum is not considered.
o Only small deformations of particles are allowed post-collision.
In modelling the particle binary collisions, the likely collision partners are first identified by a deterministic method where, for small time steps, only collisions between neighbouring particles are likely. By using the concept of virtual cells (e.g. 13, 26 ) the cost of checking for collisions can be reduced from   was adopted for the simulations reported in this paper, used to allow a compromise between high accuracy and efficiency in the handling of particle-particle collisions. All particles within the same virtual cell are tagged by the same index.
Consequently, collision detection procedures are limited to the particles in each virtual cell using a hard-sphere collision model similar to that described in 12, 13, 15, 26 . In the interests of brevity, the details of this classical deterministic collision detection algorithm will be not repeated here, and readers are referred to 12, 13, 15, 26 for further details.
Energy Balance Agglomeration Model
The attachment step succeeds the collision step, subject to the following assumptions:
o In a typical waste sludge 39 , the particles are in contact with highly alkaline and high ionic strength salt solutions, where the electrical double layer associated with charged sites on particle surfaces collapses, and electrostatic repulsions that can disperse particles of like charge are inhibited. Hence, only the van der Waals' forces component of the DLVO theory are responsible for post-collision cohesion.
o Agglomeration is based on the pre-collision energy balance and van der Waals'
interactions.
o The agglomerate size and structure are based on a volume-equivalent sphere.
o Particles are assumed to agglomerate if the cohesive force exceeds the segregation force, otherwise, they separate.
Agglomeration of the colliding particles is based on an expression which permits agglomeration if the elastic energy (i.e. the relative kinetic energy before the collision minus the dissipated energy) after the compression period of the collision is less than the work required to overcome the van der Waals' forces 19 :
where quantities with the superscript * are dimensionless and are defined as: the particle density / * p p  , particle diameter ). The hard-sphere model adopted here, however, treats this coefficient as a constant that can be estimated from empirical investigations. Note that the energy-balance-based agglomeration model, Eq. (7), adopted has been successfully validated against theoretical results for test cases in both laminar and turbulent flow regimes [19] [20] [21] . Numerical results obtained using largeeddy simulation were found to be in close agreement with theory, and subsequently, the energy-based model was applied to investigate the dynamic process of particle agglomeration in vertical fully developed turbulent channel and pipe flows using LES.
When Eq. (7) is not fulfilled (i.e. no agglomeration occurs) and hence the particles bounce apart from each other due to the resulting impulse during impact, the velocities and positions of both particles have to be updated according to Eqs. (8) and (9): 
The diameter of the agglomerate,
in Eq. (10), is obtained from conservation of mass as 12 :
D. Coupling Particle Transport, Collision and Agglomeration
Coupling the transport and attachment steps is not straightforward. The range of the physicochemical interfacial (DLVO) forces is limited to a few tens of nanometres, a distance much smaller than that of typical particle motion and inter-particle distances in fluids. Following an analogy from Henry et al. which is equal to the distance travelled by particles in one (hydrodynamic) time step:
. In this case, if one were to choose such a time step and introduce DLVO effects as forces in the particle equation 13 of motion, Eq. (4), the particles would leap over the very narrow range where DLVO forces are significant, thus avoiding the particle-surface interaction altogether 8 , or causing inter-particle penetration or overlap. Alternatively, the fluid time step could be reduced to the range where DLVO forces are significant. However, doing this will result in very expensive simulations as the time interval for a time step will increase by
To circumvent the large-scale differences between distances associated with the actions of the DLVO forces, the size of the particles, the hydrodynamic transport of particles and inter-particle collisions, an efficient modelling approach was adopted such that each step was treated separately during each time step (hydrodynamic transport of particles, inter-particle collision and cohesion of collided particles). Hence, the coupling of the transport and attachment steps was achieved without drastically reducing the overall time step. respectively. This is in conformity with the observed near-wall flow pattern in Fig. 1(a) for the lowest Re and in Fig. 1(c) for the largest Re . Simulation results for the fluid phase were monitored for various averaging start times and averaging periods to evaluate when a statistically stationary state and converged statistics for all shear Reynolds number cases was achieved. Figure   2 (a,c,e) shows the profile of the mean streamwise velocity, 
III. RESULTS AND DISCUSSION A. Fluid Velocity Fields
shear stress
, are plotted in Fig. 2(b,d, 
B. Discrete Particle Simulation
The particle equations of motion were integrated using a fourth-order Runge-Kutta scheme, while a trilinear interpolation scheme 29 was used to obtain the fluid velocity, u , SGS kinetic energy, sgs k , and fluid rotation, Since no DNS-based predictions or experimental data for particle-particle collision and agglomeration at the shear Reynolds numbers of 150  Re , 300 and 590 are available, a one-way coupled simulation was used to validate the discrete particle simulation technique using a suitable reference case. The statistics of inertial particles at nondimensional particle response times 1  , in which only the drag force using the Schiller and Naumann drag correlation was considered. From Fig. 3 , all the velocity profiles reported for the three particle response times are in very good agreement with the DNS of Marchioli and Soldati 30 . Furthermore, the degree of agreement obtained between the particle mean streamwise velocity and the components of the turbulence intensity reflects the accuracy reported for the single phase velocity statistics in Fig. 2. 
C. Particle-Particle Interactions
Using the algorithms developed in this work, we report the performance of the coupled LES and Lagrangian particle tracker with a deterministic particle-particle interaction model. The sensitivity of particle-particle interactions in a turbulent channel flow to four simulation parameters, namely, the shear Reynolds number, particle size, normal restitution coefficient and particle volume fraction, are examined. should also be noted that the particle concentration field was still uniformly distributed and had not reached an asymptotic, statistically stationary stage at the start of sampling of the particle-particle interactions. However, in many practical applications, the particle collision statistics shortly after particle release are of more interest than the asymptotic values 42 .
Dependency of Particle-Particle Interactions on Restitution Coefficient
First, the sensitivity of particle-particle interactions to the normal restitution coefficient, , no kinetic energy is dissipated. Hence, an increase in n e enhances the impulsive force, decreases the amount of energy dissipated during the collision and weakens the cohesive force between the colliding particles, thus reducing the probability of agglomeration conditions being satisfied. Figure 4 shows the time evolution of the effect of the normal coefficient of restitution on the number of the accumulated particle-particle collisions, col N , and the total number of the accumulated particle-particle collisions resulting in agglomeration, is likely due to the difference in the initial conditions adopted for the particle-particle interactions between both sets of simulations.
The collision efficiency (also known as the agglomeration rate),
, is defined as the ratio of the total number of accumulated particle-particle collisions leading to agglomeration to the total number of the accumulated particle-particle collisions. Figure 5 shows a sharp change in the profile of Fig. 6(b) . Similar to the observations from Fig. 6(a) , the total number of agglomerates formed increases with time and is inversely proportional to the value of the normal restitution coefficient. away from 2 towards 3, as is evident in Fig. 7(a) . This is because the lesser multiple particle agglomerates are more readily formed than larger agglomerates. The precursors for the formation of two and three particle agglomerates are the single particles, and they have the largest number density within the time interval reported, as will be shown later in Fig. 8 . Fig. 7 . Influence of the normal restitution coefficient, n e , for particle-particle interaction on: (a) the time evolution of the average number of primary particles included in an agglomerate, Furthermore, and again as will be shown later, collision and agglomeration processes are strongly dependent on the size of the two particles involved in any particle-particle interaction. More collisions and subsequent agglomerations, therefore, take place the smaller the particle size. Overall, the notable feature in Figs. 4 to 8 is the strong dependence of particleparticle interactions on the coefficient of restitution, n e , with a summary of key simulation parameters at the dimensionless time 1000   t given in Table 3 .
Increasing n e from 0.2 to 0.8 has a dramatic effect on the parameters reported, such 
Effect of Particle Size on Particle-Particle Interactions
Particle size has an influence on the value of the two forces on both sides of the agglomeration equation, Eq. (7). Particle size (or inertia) has therefore been shown to have a significant influence on the relative velocity between the two particles.
Agglomeration occurs when the attractive forces are predominant; and the smaller the particle size is, the higher these forces are, as is evident in Eq. (7). Hence, agglomeration processes are sensitive to the size of the primary particles. Lin and Wey 44 reported that the tendency for particles to agglomerate is proportional to the surface area of the particles. Small particles have a larger surface area per unit volume, thereby favouring agglomeration. Fig. 9 . Distribution of: (a) total number of particle-particle collision events, col N , (b) total number of particle-particle collisions leading to agglomeration, agg N , both normalised by initial total number of primary particles, 0 N , (c) agglomeration rate, In order to investigate the effect of particle size on particle-particle interaction processes, it is necessary that the global particle volume fraction, p , and not the According to theory 17, 46 , the kinetic energy between colliding coarse particles is high, whilst that between fine and coarse particles is slightly less, and that between fine particles is the lowest. In contrast to the kinetic energy between particles, the cohesion energy between small particles is larger than that between coarse particles. However, the sticking behaviour of two individual particles depends on the relative value of the cohesion energy and the kinetic energy between them, as represented in the agglomeration model, Eq. (7). Particles rebound if the kinetic energy is higher than the cohesion energy, while they agglomerate if the inverse is true. Reddy and Mahapatra 45 observed that agglomeration in fluidised bed combustion power plant takes place when the coal material contains either too many fine particles or coarse particles, or both in very large proportions. The results of Wang et al. 17 complemented the latter authors'
observations, finding that compared with coarse particles, small particles lead to agglomeration much more readily, and the agglomeration of small particles, or small and coarse particles, is the main mechanism by which agglomeration occurs.
Numerical experiments based on full DLVO theory agree with the present results on the sensitivity of particle-particle interactions to particle size. The DLVO theory, therefore, predicts a marked increase of the total interaction energy with an increase in particle size, and therefore a dramatic decrease in the rate of aggregation of colloidal particles 7 . Hence, the high number of inter-particle collisions, 0 / N N col , with reducing particle size, p d , in Fig. 9(a) is a prerequisite for the large number of agglomeration Fig. 9(b) , assuming that the cohesive force is large enough with reducing particle size. The influence of particle size on the number of agglomerates of the same type (double, triple, quadruple, etc.) and the number of non-agglomerated primary particles (single) is shown in Fig. 9(d) . After the referenced simulation time, , of the same type decreases with an increase in the particle size. This observation complements the earlier finding from the results given in Fig. 9 (a-c) that the rate of inter-particle collision and agglomeration decreases as the particle size increases. This relationship between particle-particle interaction and particle size, summarised in Table 4 , is as earlier stated and is generally ascribed to the fact that smaller particles have an increased total surface area which leads to more contact, and a higher probability of collision, between particles as compared to their coarser counterparts. As the primary particle size, p d , increases from 60 to 316 µm, the simulated number of inter-particle collisions, 
Effect of Shear Reynolds Number on Particle-Particle Interactions
Another important parameter that influences particle-particle interactions is the fluid inertia, measured by the flow shear Reynolds number, Re . Note that the effect of different flow Reynolds numbers on particle-particle interactions is equivalent to investigating the impact of turbulence, or fluid velocity, on the same particle-particle interactions. Hence, with other parameters being invariant, the fluid, and by extension, the particle, velocity both have a linear relationship with the flow Reynolds number. It is also important to further note that turbulence-induced agglomeration is commonly categorised into two mechanisms, namely, turbulent fluctuations that cause relative motion between particles (the turbulent transport effect) and the preferential concentration that leads to a highly intermittent local pair density distribution and thus an additional enhancement of the average collision rate (the accumulation effect) 42 .
The effects of both mechanisms on particle-particle interactions were considered as a whole and not individually.
The sensitivity of particle-particle interactions to the flow shear Reynolds number for a given fixed particle Stokes number,
, is shown in Fig. 10 . A change in the flow Reynolds number alters the fluid velocities seen by the particles as well as the particles' velocities. With an increase in flow velocity, the ratio of the particle relative kinetic energy to that of the cohesive force is also affected. For a fixed particle inertia, measured by its Stokes number, the number of inter-particle collisions in Fig. 10(a) , and the number of collisions leading to agglomeration in Fig. 10(b) , both show a strong sensitivity to the flow shear Reynolds number. On the other hand, the agglomeration rate in Fig. 10(c) shows a weak dependence on the flow inertia. Increasing the flow shear Reynolds number shows an increase in the normalised number of the particle- Fig. 10(a) and an increase in the normalised number of collisions leading to agglomeration, 0 / N N agg , in Fig. 10(b) . However, the agglomeration rate, 
Concentration
The particle volume, p , is a dimensionless number that represents the particle concentration in a particle-laden flow. The results of Fig. 11(a and b) suggest that there exists a strong correlation between the numbers of particle-particle collisions, , and the particle volume fraction is exhibited. As shown in Fig. 11(a) , the normalised accumulated number of particle collisions continuously increases with increasing simulation time,  t , while the number of collisions increases with the particle volume fraction. This trend is consistent with theory as well as with the observations of Ernst and Sommerfeld 47 where the average distance between particles and computed collision times decreased with increasing volume fraction, consequently increasing the probability of the particles being close enough to cause collisions. As for the agglomeration rate, Overall, the profiles shown in Fig. 11(a-c) demonstrate that the rate of normalised particle collisions, in Fig. 11(a) , and the normalised agglomeration rate, in Fig. 11(b) , are similar in terms of their ratio, as given in Fig. 11(c) . As expected, the results of Fig. 11(a-b) applies here. In terms of the number of multiple particle agglomerates present at the end of the simulation, a linear dependency is evident between the number of agglomerates of a particular type and the volume fraction. The higher the concentration the more agglomeration occurs, and the larger the number of agglomerates of a particular type are present in the computational domain. Hence, the case with the highest particle volume fraction, Lastly, Table 4 gives numerical values of the various collision and agglomeration parameters considered in Fig. 10 µm. Here, the correlation between the degree of particle-particle interactions and agglomerations, and the particle concentration, as noted above, is again clear. 
IV. CONCLUSIONS AND OUTLOOK
An efficient CFD model has been described and used to advance our understanding of particle-particle interactions (collision and agglomeration events) in turbulent flows, augmenting the limited amount of work performed in this area to date. The developed method combines an Eulerian-Lagrangian technique, and deterministic hard sphere collision and energy balance agglomeration models, in the context of large-eddy 300 and 590 channel flows. In addition, the discrete particle simulation technique described in this paper has been successfully validated using DNS of a 300  Re gassolid flow. The present contribution has focused on the dependency of particle-particle interactions in a turbulent channel flow on the particle normal restitution coefficient, n e , particle size (diameter, p d , and Stokes number, . It should be noted that in reality, the coefficient of restitution will be a function, amongst other things, of the particle impact velocity, and hence it would be more appropriate to employ a dynamic value rather than the range of constant values employed herein.
Clearly, the present results demonstrate the strong dependence of particle-particle interactions on this coefficient. Based on the current observations, however, it can be inferred that for a dynamic coefficient of restitution, as a function of the particle impact velocity, the trends observed should be maintained while the magnitude of those trends may be altered. Future work will consider the use of such a dynamic coefficient.
Particle-particle interactions are also sensitive to the primary particle size (characterised by its diameter, p d ) or the particle inertia (characterised by its Stokes number,  p ), the flow inertia (characterised by the flow shear Reynolds number, Re ) and the particle concentration (characterised by the particle volume fraction, p ). The relationship between particle size and particle-particle interactions shows an inverse proportionality. By analysing the particle-particle interaction events of primary particles with different sizes, it is concluded that the normalised collision frequency, collisions, which effectively enhances particle collision and agglomeration. However, the particle volume fraction has only a minor influence on the collision efficiency, although an inverse proportionality is evident, notwithstanding the anomalous trend exhibited by the Overall, the sensitivity of particle-particle interaction events to the selected simulation parameters subsequently influenced the population and distribution of the primary single particles and multiple particle agglomerates formed. The deterministic agglomeration model formulated and used in this work, although relatively simple, possesses the qualitative, and to a lesser degree, the quantitative features required to explain experimentally observed behaviour of agglomeration processes. Lastly, it should be noted that the results presented were derived by monitoring particle-particle interactions immediately following the injection of particles into the flow. This initial condition was used consistently and represents only one of a number of initial conditions that have been used in studies of particle-laden flows. As such, however, the flows may not have attained a statistically steady state in some situations, and it is expected that the initial conditions would have exerted some influence on selected cases, as already mentioned within the text. Further work will explore the influence of such conditions on the conclusions reached above.
